It is shown that the field equations of general relativity in Einstein tensor form and the unimodular theory of gravity may not fulfill the correspondence principle commitment completely. The more consistent formalism is presented. PACS: 04.20Cv, 95.30.Sf 
1-Einstein field equations
According to the correspondence principle (CP) general theory of relativity must agree with Newtonian gravitational theory in the limit of weak gravitational fields and low velocities. Different aspects of the Newtonian limit may be classified as follows: What we are going to deal with is only related to the case (d) and there is no problem concerning the others.
We restrict our discussion to Schwarzschild space which is the solution of the field equations for spherically symmetric vacuum space around a point mass M. In the literature we have the Einstein field equations in the form Einstein tensor proportional to energy-momentum tensor i.e. (c = 1) :
satisfying CP so that the (00) component of the field equation reduces to the Poisson equation in the weak field limit. It is shown that for the Schwarzschild metric this is not so. The Weinberg's argument to reach this result is based on the fact that in a nonrelativistic system T ij << T 00 , then |G ij | << |G 00 | and
Furthermore g αβ ≈ η αβ and the curvature scalar is given by
So concluding G 00 ∝ R 00 and R 00 ∝ ∇ 2 g 00 .
[2] The Einstein tensor in the weak field limit may yield to 2ψ µν , where
η µν h , h µν = g µν − η µν in Minkowski coordinate , provided that the Einstein condition is satisfied as follows [3] 
If this condition holds , in the stationary case 2 reduces to ∇ 2 and the Poisson equation is obtained automatically. Let us see what happens in the weak field limit of Schwarzschild metric. We have
Using (4) we get h = 0 and these do not satisfy (3) i.e. Einstein condition does not hold in this case. It means for Schwarzschild space we do not end to the Poisson equation in the weak field limit.
Since curvature tensor and contractions are invariant quantities under a gauge transformation of h µν as follows
it is possible to find a gauge in which Einstein condition holds. This gauge may obtain from
We may conclude that the weak field limit of GR and Newtonian field equation are not in the same gauge.
In a more rigorous treatment we see that this approximation which may lead to a correct prediction of reciprocal of distance for Newtonian potential but indeed does not reduce to the Poisson equation as is required.
The line element of a spherically symmetric vacuum space is
where B(r) = A −1 (r) = 1 + 2φ. Using (7) the nonvanishing components of Einstein tensor are:
G ϕϕ = sin 2 θ G θθ (10)
prime stands for differentiation with respect to r.
In contrast to what is expected G tt for the Schwarzschild metric merely contains the first order differentiation with respect to r and in no way can yield to Poisson equation in weak field limit. Therefore there is obvious discripancy between the obtained result and Newtonian equation. Although (11) in the limit of weak fields gives
which has the same solution of reciprocal of r as the Poisson equation possess for a particle with mass M. This can be considered as a gauge violation of CP which may be forbidden too.
2-Unimodular Gravity
In a more plausible consideration of cosmological constant as an integration constant unimodular gravity is actually very well motivated. If the determinant of g is not dynamical then the action only has to be stationary with respect to variations in the metric for which g µν δg µν = 0 , yielding the field equations [4] 
with T µν as conserved stress tensor of matter. The combination of this with Bianchi identities for the covariant deivative of Einstein tensor gives a nontrivial consisting condition
Denoting the constant of integration by −4Λ the Einstein field equations is recovered.
We also see that this form of field equations i.e. (13) regretfully does not satisfy the CP from (d) point of view. For spherically symmetric vacuum space (7) the components of (13) are :
In the weak field limit for the (18) we get
Again for (19) we have reciprocal of r a its solution but it is not the Poisson equation as is expected from CP.
3-Consistent Form
The ordinary field equations in the following form
fulfill the CP requirement , that is the (00) component of (20) for weak field limit of Schwarzschild metric reduces to
which in a compact form is exactly the Poisson equation
The reason why this discripancy has not been recognized is that in finding the Schwarzschild metric we usually solve R µν = 0 as field equation. We conclude that the form of Einstein field equations with cosmological constant consistent with CP is
This field equation may be derived from standard actions by considering the density metric of weight +1 instead of the metric as dynamical variables which is defined as [5] :g
and we get
From (24) we have
Inserting (26) in (25) gives the ordinary variation of standard action with respect to the variation of the metric.
This procedure may be carried out in an elegant way by applying the Palatini approach based on the idea of treating the metric (the density metric) and the connection separately as dynamical variables which the variation with respect to the connection reveals that the connection is necessarily the metric connection.
It is interesting to notice that the field equation which originally postulated by Einstein was R µν = 4πGT µν but was rejected because of the highly unphysical restriction on the matter distribution by energy conservation. [6, 7] 
